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@ A passivating layer (30) is deposited over a 
FET device (10), conventionally fabricated using 
siliddation, after which an insulating layer (32) 
is deposited (e.g. by chem-mech). The insulat- 
ing layer is plariarized and further polished to 
expose the passivating layer above the gate 
stack. The portk>n of the passivating layer 
above the gate stack is removed to open a 
trench (36), with littie or no effect on the insulat- 
ing layer or gate stack. A trench (41) above one 
or both junctions (source or drain is formed by 
removing insulation using the passivating layer 
as an etch stop, then removing a portion of the 
passivating layer atx:>ve the junction with littie 
or no effect on the junction or any isolation 
region present. The trenches may be now be 
filled with a conductive material (38) to tbnm 
highly desired borderless contacts. 
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The present invention relates generally to fabri- 
cation of Field Efficient Transistor devices. More par- 
ticularly, the present invention relates to a process for 
i mproving sheet resistance of a FET device gate dur- 
ing fabrication. 5 

As VLSI and ULSI technologies continue to re- 
quire improvements in the performance of FET devic- 
es, processes must be developed to meet those re- 
quirements which easily integrate into existing fabri- 
cation processes. In particular, increases In speed re- io 
quire low sheet resistance gates to minimize time 
constants, as well as narrower gate widths, thinner 
gate dielectrics and shallower source and drain re- 
gions. Today, there are two main prior art approaches 
attempting to meet these requirements, both of which 16 
suffer from limitations. 

One approach is exemplified by US-A- 5 034 348, 
entitled "Process For Forming Refractory Metal Sili- 
cide Layers of Different Thicknesses In An Integrated 
Circuit", by Hartswick et al., and assigned to IBM. 20 
There, a process is disclosed which allows for differ- 
ent refractory metal sillcides in the gate versus 
source/drain regions, as well as providing for thicker 
siiicide in the gate region compared to the 
source/drain regions. Hartswick et al. use titanium sil- 2S 
icide rnSi«) for the gate. The process of Hartswick et 
al. may not be optimum at high temperatures associ- 
ated with VLSI and ULSI processing, as TiSi2 tends 
to agglomerate at high temperatures. Agglomeration 
refers to formation of non-uniformities in the TiSie, 30 
such as peaks, pits, or areas where TiSi« has not 
formed. A proposed solution has been to deposit 
more Ti, but shallow junction depth requirements pre- 
clude this due to junction leakage concerns. In addi- 
tion, the aforementioned process may not integrate 35 
efficiently into subsequent processing steps. A spe- 
cial non-reflecth/e film (titanium nitride) Is required to 
insure proper photolithography, and a special etching 
process is required to control poiycrystalline silicon 
gate dimensions, since the presence of titanium may 40 
cause etching difficulties. 

Another example of a silicidation approach is US- 
A- 4 755 478 entitled "Method of Forming Metal- 
Strapped Polysiliccn Gate Electrode for FET Device," 
issued to Abernathy et al., and assigned to IBM. 4S 
There, the top of the FET device gate is isolated from 
the source and drain for silicidation. Also disclosed is 
the use of a silicon nitride cap on the gate as a polish 
stop. The nitride cap places an extra burden on gate 
tolerances, as it must first be defined and then used 50 
to define the polysiliccn region of the gate stack. Two 
additional photomasking steps are also required to 
implant the polysilicon gate. The additional photo- 
masking steps increase both cost and processing 
time. In addition, compatibility with next level proc- 55 
essing is not made a priorfty. 

A second approach involves metal siiicide depos- 
ition using chemical vapor deposition (CVD) . This 



second approach suffers from an incorporation of im- 
purities into the gate. For example if tungsten hexa- 
f luoride (WFe) is used, the CVD process results in flu- 
orine incorporation into the gate. The amount of flu- 
orine Incorporated directly affects gate oxide thick- 
ness, which determines how well the gate couples 
with the source and drain. In additbn, if tungsten is 
used, its resistivity as a siiicide is much larger than 
that of TiSie. The result is a thicker gate stack to ach- 
ieve a given sheet resistance, which may be unac- 
ceptable in subsequent processing steps. Finally, 
since CVD is typically not stoichiometric (a two-to- 
one silicone-to-metal ratio), this second approach re- 
quires an anneal to drive off excess silicon, which 
may be at too high a temperature for some applica- 
tions. 

Thus, a need exists for a process to improve FET 
device gate sheet resistance without Increasing the 
antount of siiicide formed In the source and drain. A 
need also exists for a process to accomplish the 
at>ove which integrates with existing fabrication proc- 
esses. 

The present invention provides a process for ach- 
ieving improved sheet resistance of a FET device 
gate with shallow source and drain regions, utilizing 
the silicidatk>n approach, by introducing a passivat- 
ing layer used as both a polish stop and an etch stop. 
After a gate stack and at least partially silidded 
source and drain regions (generally referred to as 
"juncttons") have been formed on a substrate, with a 
spacer between the gate stack and each junction, 
and a thin dielectric layer between the gate stack and 
substrate, a passrvating layer is deposited. On top of 
the passivating layer, an insulating layer is deposited 
and planarized. Polishing at planarity continues until 
the passivating layer above the gate is exposed. The 
gate top is then exposed by removing the passh^ating 
layer above the gate selective to the insulating layer 
and gate stack. The term "selective to" refers to the 
passivating layer above the gate being rernoved with 
little or no removal of the insulating layer and gate 
stack. A trench is created above one or both junctions 
by etohing the insulation layer, using the passivating 
layer as an etoh stop. The trench is extended through 
the passivating layer selective to the junction. The 
area at>ove the gate as well as the extended trench 
can then each be filled with a low sheet resistence 
conductive material, creating low resistance contacte 
to the gate and junction. In a second embodiment, the 
contact to the junction is borderless. That is, it partial- 
ly contacts the junction and an isolation region In the 
substrate next to the junction. 

These, and other objects, features arid advan- 
tages of this invention will become apparent from the 
following detailed description of the presently prefer- 
red embodiments of the invention taken in conjunc- 
tion with the accompanying drawings. 

FIG. 1 presents a cross-sectional view of a FET 
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device fabricated according to conventional process- 
es. 

FIG. 2 depicts the FET device of FIG. 1 with a 
passivating layer deposited on the FET device and an 
insulating layer deposited on the passivating layer, 
according to the present invention. 

FIG. 3 depicts the FET device of FIG. 2 after pla- 
narization of the insulating layer and planar polishing 
beyond planarization to the passivating layer. 

FIG. 4 depicts the FET device of FIG. 3 after the 
passivating layer is selectively removed above the 
gate, a trench is created above a junction, and the 
opening above the gate and the trench are each pla- 
narly filled with a low sheet resistance conductive 
material, creating low resistance contacts to the 
source and junction. 

FIG. 5 depicts a FET device fabricated according 
to a second embodiment of the process of the present 
invention. 

FIG. 1 depicts a FET device 10 conventionally 
fabricated. Silicon substrate 12 has junctions 14 and 
1 6 implanted therein. Each junction may be a source 
or a drain. Junctions 14 and 16 are activated; that is, 
they have previously been doped with n-type or p-ty- 
pe dopants. The junctions are then silicided. That is, 
the regions of substrate 12 where junctions 14 and 16 
are shown are reacted with a refractory metal, such 
as titanium or cobalt forming an intermetallic com- 
pound with the silicon known as silicide. It will be un- 
derstood that the junctbns need not have been acti- 
vated prior to siliddation, except that the present em- 
bodiment utilizes Ti as the silicide material. Activa- 
tion requires high heat cycles, which TiSie cannot tol- 
erate. Thus, activation must precede siliddation 
when Ti is used. 

A gate stack 18 is formed on substrate 12 be- 
tween junctions 14 and 16. Gate stack 18 is, for ex- 
ample, made of doped polycrystalline silicon (polysi- 
licon). Gate stack 18 may be n* doped, p * doped, or 
both n^ and p * doped (dual doped). Induded in gate 
stack 18 may be an at least partially silicided portion. 
22 and an unsilicided portbn 20. A thin dielectric lay- 
er 24, on the order of 10 nm or less, separates gate 
stack 1 8 from substrate 12 and may comprise, for ex- 
ample, silicon dioxide. In a previous fabrication step 
(not shown) , the width of diffusion regbh 29 in rela- 
tion to junctions 14 and 16 was controlled by the 
width of spacers 26 and 28. Prior to siliddation, cre- 
ating junctions 14 and 16, the area of substrate 12 in- 
duding the junctions and diffusion region 29 was one 
large diffusion region. After creatk>n of gate stack 18 
and the spacers were placed, siliddation created 
junctions 1 4 and 1 6, while the spacers and gate stack 
insulated diffuston region 29 from the silicide mate- 
rial. The spacers could comprise, for example, silicon 
nitride. As is known in the art, the purpose of diffusion 
region 29 is to control the threshold voltages of the 
FET device 10. 



The present Invention begins at this point In the 
fabrication process. First, a passivating layer 30 is 
applied over the FET structure and then an insulating 
layer 32 is applied over passivating layer 30. Prefer- 

5 ably, passivating layer 30 is conformally applied. FIG. 
2 shows the FET device 1 0 of FIG, 1 after passivating 
layer 30 and insulating layer 32 have been deposited. 
The insulating and passivating layers may be depos- 
ited, for example, by conventional chemical vapor de- 

10 position processes that are well-known in the art The 
thin passivating layer, nominally about 100 nm thick, 
may comprise silicon nitride and provides protection 
against ionics (e.g., sodium). The passivating layer 
serves as a polish stop, since it is chosen to polish 

IS significantly slower than the insulating layer, and 
also serves as an etch stop, since the etch chemis- 
tries for the two layers are different The insulating 
layer separates the FET device 10 from sut>sequent 
metal layers and could be, for example, phosphosili- 

20 cate glass (P5G) on the order of 350 nm thick, or gate 
stack height (here, 200 nm) plus 150 nm. 

Planarization of insulating layer 32 then takes 
place. Planarization can be accomplished, for exanrv 
pie, by utilizing a planarization blocking mask (e.g., 

25 photoresist) with reactive ton etching. Reactive ion . 
etching is well-known in the art and accordingly need 
not be further described herein. FIG. 3 depicts the 
FET device of FIG. 2 after planarizatton of insulating 
layer 32. Planarization of insulating layer 32 is then 

30 done to expose passi vat ing layer 30 above gate stack 
18, as shown by dashed line 34. As an example, 
chemical-mechanical pdishing (CMP) could be used 
to planarize insulating layer 3Z CMP is well-known in 
the art That the passivating layer works well as a pol- 

35 ish stop is exemplified by using the example insulat- 
ing and passivating layer compositions. The polish 
rate of PSG compared to silicon nitride is about four- 
to-one. 

At this point in the inventive process, the portion 

40 of passivating layer 32 above gate stack 18 is re- 
moved as shown in FIG. 4. As an example, reactive 
ion etching may be used to open trench 36. Using the 
example PSG passivating layer and nitride insula- 
tion, the etch rate of nitride compared to PSG is about 

45 3-to-1, and the etch rate of nitride compared to poly- 
crystalline silicon is about 5.5-to-1. In this way, pas- 
sivating layer 30 Is removed to form trench 36 selec- 
tive to insulating layer 32 and gate stack 18. That is, 
passivating layer 30 is removed, while removing very 

50 little of insulating layer 32 or gate stack 18. It will be 
understood that although spacers 26 and 28 are 
shown partially removed In FIG. 4, they need not be. 
The example composition of spacers 26 and 28 is sil- 
icon nitride, which the etch chemistry for creating 

55 trench 36 in PSG passivating layer 30 is not selective 
to. Another composition may be chosen for the 
spacers, so that the etch chemistry would be selec- 
tive to it. 
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A trench above one or both of the junctions is cre- 
ated, utiiizing the passivating iayer 30 as an etch 
stop. Atrench 40 is created above a junction in the in- 
sulating layer selective to the passivating layer. 
Trench 40 is then extended through passivating layer 
30, selective to junction 16. That is, the etching proc- 
ess used to extend trench 40 to expose junction 16 is 
chosen such that little or none of junction 16 is affect- 
ed. As with trench 36. trench 40 could be formed us- 
ing reactive ion etching and merely changing the 
chemistry used after exposing the passivating iayer. 
Such techniques are well-known in the art and need 
not be further explained. 

Trenches 36 and 40 may now be filled with a low 
sheet resistance conductive material 38, such as 
tungsten, creating contacts to the gate stack 18 and 
junction 16. As is known in the art, sheet resistance 
refers to resistance per area of thin materials. The 
material 38 should be kept planar with the now- pla- 
narized insulating layer 32 in contemplation of the 
next level processing. It will be understood that 
trenches 36 and 40 could each be filled with a differ- 
ent material having the low street resistance proper- 
ty. It will also be understood that trenches 36 and 40 
could be filled with insulation and then a hole bore 
through that is then filled with a low sheet resistance 
conductive material. 

After trench 36 is opened, an option available is 
to enhance silicidation of region 22 in gate stack 18. 
If the polysilicon region 20 of gate stack 18 is n^ dop- 
ed, enhanced silicidation may be advisable, since 
n"^ doping does not lend well to silicidatk>n. Thus, it is 
possible that the prior silicidation. which included the 
junctions, was insufficient with respect to the gate. 
Enhanced silicidation of the gate remedies this. In 
this way, silicidation of gate stack 18 is enhanced 
without further siliciding junctions 14 and 16 (i.e., the 
gate Is decoupledfrom the junctions). After enhanced 
silicidatbn, using titanium, as in the present embodi- 
ment, a single anneal is required to achieve low sheet 
resistance. Although this anneal is at high tempera- 
tures, the agglomeration problem previously men- 
tioned is not a concern as that results from not 
enough Ti being reacted due to the shallow junction 
requirements. If, for example, tungsten was chosen 
as the silicide material, no anneal would be neces- 
sary. 

However, some unsilicided polysilicon should re- 
main in contact with dielectric layer 24 to prevent 
spiking through. How much polysilicon should remain 
unsilicided depends on sheet resistance require- 
ments versus device degradation due to spiking and 
dopant depietton. The lowest sheet resistance is ob- 
tained when maximum silicidation takes place. The 
proper amount of polysilicon to leave in a given gate 
stack after silicidation for a given application can be 
found through experimentation. 

As an example, consider a gate stack initially 
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comprising 200 nm of undoped polysilicon. During sil- 
icidation of those portions of the diffusion region that 
will become the junctions, 36 nm of titanium are de- 
posited on the gate stack. The titanium reacts with 

5 the polysilicon to form a maximum of 54,5 nM of TiSie 
After creating the opennig above the gate stack, 74 
nm of Ti are deposited over the gate stack. After re- 
acting with the polysilicon, a maximun of 111,5 nm of 
additional TiSi^ are formed on the gate stack, giving 

10 a total maximum TtSie gate stack portton of 166 nm. 
A minirrium of 50 nm of polysilicon Is left on the gate 
stack between the T1SI2 and the dielectric layer after 
enhanced silicidation. It will be understood that if the 
polysilicon were doped, all maximum values given 

iS would be lower. 

In a second embodiment of the invention, a low 
sheet resistance borderless contact is provided for 
contacting at leastone of the Junctions. FIG. 5 depicts 
the FET device 10 of FIG. 4 with an isolatton region 

20 42 provided in substrate 12 adjacent to junction 16, 
and trench 41 filled to create a borderless contact. 
Isolation regions separate devices on a wafer and 
many comprise, for example, sjlicon dioxide. To cre- 
ate such a borderless contact, a trench 41 is first cre- 

25 ated in insulating layer 32 above both junction 1 6 and 
isolation region 42 selective to passh^ating layer 30. 
The trench is then extended through passivatlrig lay- 
er 30 selective to and partially exposing Junction 16 
and isolation region 42. 

30 Trenches 36 and 41 may now be planarly filled 

with a low sheet resistance conductive material 38 si- 
multaneously. This could be accomplished by depos- 
iting a layer of material 38 over insulating layer 32 and 
trenches 36 and 41, then removing the unwanted 

35 portion. This creates low resistance contacts to junc- 
tion 16 and gate stack 18. As in the first emt)odlment, 
the material filling trench 36 need not be the same as 
for trench 41. The characterization of the contact to 
junction 16 as 'borderless** refers to the partial incur- 
ve sk)n into the area above isolation region 42. if the 
contact was only above junc^bn 16, it would not be 
borderless. Making the contact borderless has a dis- 
tinct advantage, in that density is gained. Present de- 
sign criteria set a minimum distance between gate 

45 stock 1 8 and the junction contecL A gh^en size for the 
contact thus would require a larger junction 16 in or- 
der to be completely within the region above junction 
16 and still be at the minimum distance from gate 
stock 18. 

50 The present invention, as exemplified by the em- 

bodiments described herein, advances the state of 
the art by providing a process for improving sheet re- 
sistance of a FET device gate In a slltokjatlon fabrica- 
tion scheme. A dual-use passivation layer Is intro- 

55 duced, acting as both a polish stop for planarizatton 
and an etch stop for creation of contacts. The process 
integrates easily into existing fabrication processes. 
Further, enhanced silicidation of the gate Is also fa- 

4 
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cilitated without affecting shaiiow source and drain 
regions, and avoiding agglomeration. In a second enr>- 
bodiment, a contact to one or both junctions may be 
borderless to increase density. 



Claims 



7. The process of daim 3, wherein said siticidatlon 
step includes utilizing titanium as a siliclde ma- 
terial. 

5 8. The process of claim 2, wherein said low sheet re> 
sistance conductive material comprises tung- 
sten. 



1 . A process for improving sheet resistance of a FET 
device gate during fabrication on a silicon sub- 
strate, said FET device including a FET structure 
comprising at least two Junctions, a spacer be- 
tween said gate and each said junction, and a 
thin dielectric layer between said gate and said 
substrate, said gate and junctions having been 
previously siiicided, said process comprising: 

depositing a passivating layer on said FET 
structure; 

depositing an insulating layer on said pas- 
sivating layer; 

planarizing said insulating layer; 

planarly polishing said planarized insulat- 
ing layer to expose said passivating layer above 
said gate; 



4. The process of claim 1, wherein said gate com- 
prises p* doped polycrystalline silicon. 

5. The process of claim 1, wherein said gate com- 
prises n-i- doped polycrystalline silicon. 

6. The process of claim 1, wherein said gate com- 
prises p-t- doped and n-t- doped polycrystalline sil- 
icon. 



9. The process of daim 1, wherein said planariza- 
10 tion of said insulating layer is accomplished by 

chemical-mechanical polishing. 

10. The process of claim 1, wherein said gate is par- 
tially siiicided. 

16 

11. The process of daim 1 , wherein said passivating 
layer comprises silicon nitride. 

12. The process of daim 1 . wherein sacd passivating 
20 layer removal at>ove said gate is accompiished by 

anisotropic etching. 

13. The process of daim 1 2, wherein said anisotropic 
etching comprises reactive ion etching. 

14. The process of daim 3, wherein siliddation of 
said gate Is accomplished by. 

depositing a layer of reactive material over 
said insulating layer and said exposed area 
above said gate to react with said gate, forming 
a siliclde; and 

removing any unreacted portion of said re- 
acthfe material. 

15. The process of daim 2, wherein said exposed 
area at>ove said gate and said extended trench 
are planarly filled by: 

depositing a layer of low sheet resistance 
conductive material over said insulating layer, 
said extended trench and said exposed area 
above said gate sufficient to fill said exposed 
area above said gate and said extended trench; 
and 

planarizing said low sheiet resistance con- 
ductive material layer down to said insulating lay- 
er. 

16. The process of daim 1, wherein said step of re- 
moving said passivating layer at>ove said gate Is 

so further selective to said spacers. 

17. A FET device fabricated utilizing the process of 
claim 1. 

55 1 8. A process for i mproving sheet resistance of a FET 
device gate during fabrication on a silicon sub- 
strate, said FET device induding a FET structure 
comprising at least two junctions, a spacer be- 



removing said passivating layer aoove 25 
said gate selective to said insulating layer and 
said gate to expose a top of said gate; 

creating a trench in said insulating layer 
above at least one junction selective to said pas- 
sivating layer; 30 

extending said trench through said passi- 
vating layer selective to said at least one junc- 
tion; 

forming a first contact by planariy filling 
said exposed area at>ove said gate with a first low 3S 
sheet resistance conductive material; and 

forming a second contact by planarly fill- 
ing said extended trench above said at least one 
junction with a second low sheet resistance con- 
ductive material. 40 

The process of daim 1, wherein said first and 
second low sheet resistance conductive materi- 
als are the same. 



The process of daim 1 , said process further com- 
prising silicidation of said gate after exposing the 
top of said gate. 



45 
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tween said gate and each of said ^notions, an 
isolation region in said substrate next to at least 
one of said junctions, and a thin dielectric layer 
between said gate and said substrate, said gate 
and junctions having been previously silicided, s 
said process comprising: 

depositing a passivating layer on said FET 
structure; 

depositing an insulating layer on said pas- 
sivating layer; io 

planarizing said insulating layer; 

planarly polishing said planarized insulat- 
ing layer to expose said passivating layer above 
said gate; removing said passivating layer above 
said gate selective to said insulating layer and is 
said gate to expose a top of said gate; 

forming a trench in said insulating layer 
above said at least one junction selective to said 
passivating layer, said trench being partially 
above at least one junction and partially above 20 
said isolation region; 

extending said trench through said passi- 
vating layer selective to said at least one junction 
and said isolation region; 

forming a contact by planarly filling said 25 
exposed area above said gate with a first low 
sheet resistance conductive material; and 

forming a tK>rderless contact by planarly 
filling said extended trench with a second low 
sheet resistance conductive material. 30 

19. The process of daim 18, wherein said first and 
second low sheet resistance conductive materi- 
als are the same. 

3S 

20. The process of daim 1 9, wherein said low sheet 
resistance conductive material comprises tung- 
sten. 

21. The process of daim 18, said process further 40 
comprising sllicklation of said gate prior to pla- 
narly filling said exposed area at>ove said gate. 

22. A FET device fabricated utilizing the process of 
daim 18. 45 



so 
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@ Process for Improving sheet reslstence of a let device gate. 



@ A passivating layer (30) is deposited over a 
FET device (10), conventionally fat)ricated using 
silicldation, after which an insulating layer (32) 
is deposited (e.g. by chem-mech). The insulat- 
ing layer is planarized and further polished to 
expose the passivating layer at>ove the gate 
stade The portion of the passivating layer 
above the gate stack is removed to open a 
trench (36). with llttie or no effect on the insulat- 
ing layer or gate stack. A trench (41) at>ove one 
or both junctions (source or drain is formed by 
removing insulatton using the passivating layer 
as an etch stop, then removing a portion of the 
passivating layer above the junction with littie 
or no effect on the junction or any isolation 
region present. The trenches may be now be 
filled with a conductive material (38) to form 
highly desired borderiess contacts. 
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IBM TECHNICAL DISCLOSURE BULLETIN., 
vol.32, no.3B, August 1989, NEW YORK US 
pages 71-73 
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